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Final Technical report:

Effects of packing density on the magnetic properties of cobalt nanowire

assemblies

1. Introduction

During the last decade, a significant research effort has been given to the synthesis and
characterization of magnetic nanowires (NWSs), particularly the single-crystal hcp-structured Co
NWs. Co NWs with the aspect ratio from 10 to 66 have been synthesized via a solvothermal
method by controlling the growth process (Fig.1). The increased aspect ratio leads to enhanced
coercivity of the nanowire assemblies up to an optimum value of 12.5 kOe at 300 K, which is
close to the theoretical limit of the coercive field (14.3 kOe). To realize a permanent magnet
made from the high coercivity nanowires, the effect of packing density on the magnetic
properties need to be explored in detail, which is of a fundamental importance to the

understanding of nanostructured magnetic materials.
2. Description of the research work

In the past year we have prepared Co NW assemblies with packing densities varying from 2.1 to
6.5 g/cm?, using the as-prepared Co NWs with coercivity (Hc) about 5.5 kOe. The corresponding
Hc at room temperature increases from 5.5 kOe to 6.1 kOe with the increase in packing density
from 2.1 to 4.5 g/cm®, and the Hc decreases while the packing density further increases. A
similar trend in the Hc value has also been found at different temperatures as shown in Figure 2.
Moreover, the remanence (Mr) increased from 72.0 to 82.5 emu/g with the increased packing
density. The initial increase in Hc and Mr values may be due to enhanced magnetostatics
interactions between the nanowires upon increased packing density. However, above the density
of 4.5 g/cm?®, the Hc decreases possibly due to the proximity effect as it has been noticed in the

&M plot. The &M plot shows a negative peak at high field and it becomes prominent with the

increase of density (Figure 3).
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Figure 1: (a) TEM image and (b) XRD pattern of Co nanowires. Figure la shows the Co
nanowires are cylinder shapes of typical size about 100 to 180 nm in length and an average

diameter of 10 nm. X-ray diffraction shows that the wires have an expected hcp crystal structure.

—— 10K
—»— 300K
7000 | —+—400K

8000 |-

2000 |

| //\\‘

1 2 3 4 3 6 T
Packing density(g/cm’)

Coercivity (Oe)

Figure 2. (a) Packing density dependence of coercivity at different temperature. Figure 1. (b)
SEM image of the Co NWs assemblies. The inset image is the Co NWs assembly pellet.
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Figure 3. (a) Delta M of compacted Co NWs assemblies with different packing densities.
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